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Overview

Results

Microstrip patch antennas are low profile, lightweight, low cost, and
easily implemented antenna candidates for wireless communications
and mobile radio systems. For this project, a microstrip patch antenna
was designed and optimized for a resonant frequency of 1 GHz near
GPS frequency bands. Because GPS usess frequencies in the
microwave and radio ranges near this value, it is possible to recycle
signals being transmitted to devices all around us for small-scale DC
power.

The optimized values of the antenna: L = 6.93 cm, W = 10.441 cm, and Lf = 1.206 cm
for f = 1 GHz. The following values were constant in the parametric studies: h, ϵr, η,
and R0.
Smith Chart of the Optimized Antenna

Radiation Pattern of the Optimized Antenna

Theoretical Framework
Using MATLab and the following equations, initial guesses for L, and Lf were
calculated using the ideal case of an infinite ground plane. We assumed, 𝜆𝑜
2𝜋
= 0.3 m, h = 0.15 cm, ϵr = 4.6, k0 = , η = 120π, R0 = 50Ω, and f0 = 1 GHz
𝜆0

where 𝜆0 is the free space wavelength, h is substrate thickness, ϵr is relative
permittivity, k0 is wave number, η is intrinsic impedance, R0 is the probe
impedance, and f0 is resonant frequency.
Field Equations
(Far-Field)

L Calculation

Lf Calculation
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MATLab returned L = 6.99 cm and Lf = 1.07 cm for W = 𝜆0 .
Fringing Electric Field:
𝐿𝑒 = 𝐿 + 2Δ𝐿

3D Radiation Pattern of the Optimized Antenna

Methodology

Surface Current Density of the Optimized Antenna

After using MATLab to solve for values of the ideal case, they were used as
initial values in HFSS, a full-wave Electromagnetic solver from ANSYS.
Using return loss and the Smith chart, the antenna was optimized by finding
values of L, W, and Lf which gave the best return loss and impedance
matching to R0. With the antenna optimized, parametric studies for W and
LGND were done to observe how return loss, radiation patterns, and
impedance matching would change with those values. The substrate and
ground plate were kept square for this project.

Further Research
•
•
•
•

Analysis of higher-order modes of the antenna.
Testing the printed antenna and comparing lab measurements to the full-wave results.
Simulating the antenna with different substrates including magnetic materials.
Widening the frequency bandwidth to recycle ambient RF sources for energy harvesting
applications.
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